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Abstract
Background and Objective: The camouflage grouper (Epinephelus polyphekadion) is considered one of the newly fisheries export
commodities of Indonesia with a relatively high economic value. The sustainability of the seeds of camouflage grouper for mariculture
is still limited. This study aimed to determine the morphometric, allometric and relative growth of Epinephelus polyphekadion larvae,
reared until 35 days after hatching. Methodology: The larval rearing pond were equipped with an aeration system and the vessel was
closed with plastic and equipped with a 100  W fluorescent bulbs. Larvae fed 10 individual mLG1  rotifers, 5-10 individual mLG1 copepods,
10-20 individual mLG1 Artemia  sp. and 10-20 individual mLG1 mysid. Water exchange was as follows: At age 0-10 days after hatching no
water exchange, at 10-15 days after hatching, 10-20% water exchange and at 20-35 days after hatching, 50% water exchange. The
morphological observation and body measurements were conducted on 10 fish samples taken randomly from 1, 3, 5, 10, 15, 20, 25, 30
and 35 days after hatching. Relative growth on each body part was examined by expressing it as a percentage to standard length.
Allometric growth was calculated as a power function of total length. Growth patterns of larvae were calculated by linear regression
analysis to assess the strength of association. Results: Changes of the stage pra-flexion to flexion occurred when the standard length of
the fish was 6.91 mm. The. The demersal juvenile stage occurred at the total length of 27.94±3.94 mm and the standard length of
23:23±3.51 mm, body depth of 7.06±0.90 mm and the head length of 7.06±0.80 mm. The morphometric growth pattern was slow at
the age of 1-14 days after hatching, while faster at the age of 15-35 after hatching. Relationships between total length and weight at the
age 1-35 after hatching were an allometric positive with the equation of  W = 0.006 L3.023 (r2 = 0.980). Conclusion: Changes of the stage
praflexion to flexion occurred when the fish was at the standard length of 6.91 mm. The growth pattern was an allometric positive and
relative growth already fixed at the standard length of 4-6 mm. Growth pattern in M. ladigesi  give specific indications on the change in
length of the body, it can be linked to the method of feeding for larvae rearing.
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INTRODUCTION
The live reef food-fish (LRFF) trade has been become a
global as well as regional concern. Available evidence
suggests that LRFF has been over-exploited in many parts of
Southeast Asia, such as in the Philippines and Indonesia1. An
important species of concern is the grouper fish, known as
‘Kerapu’. Grouper is an important component of demersal
fishery resources and  is  the  target  of  fisheries  in  the  waters
of  the  tropical  and  sub-tropical  world2.  In  Indonesia,
grouper  is   an  excellent  fishery  commodity,  high  economic
value, high price  and  the export  commodity3,4.  One  species
of commercial groupers are Epinephelus polyphekadion
synonym,  E.   microdon,   E.   goldmani,   Serranus   goldmanni,
S. microdon (http://www.gbif.org/species/115618690,en.
Downloaded on 15 February, 2016). This species also known
as small tooth rock-cod, camouflage grouper and marble
grouper, which has high market price (http://www.jitunews.
com/read/10912/kerapu-batik-grouper-cantik-berharga-
mahal#ixzz406miEqv,en. Downloaded on 16 February, 2016).
The E. polyphekadion  is considered one of the newly fisheries
export commodities of Indonesia with a relatively high
economic value1,4. The price of the camouflage grouper in
Indonesia is about3 Rp 140.000 kgG1.
The population ranges from the Eastern coast of Africa
through the Read Sea to the islands of the Eastern Pasific,
South to Lord Howe Island and North to Ryuku Islands of
Japan5. Indonesia's population of the camouflage grouper is
found in the waters of Sulawesi, Sumatra, Java, Ambon, Irian
and Buru Island. Due to the rising demand and a desire to
reduce dependence on wild stocks, this species has been
widely exploited6-9. The higher the pressure exploitation
confirm   the   decline   in   the   camouflage   grouper   stocks.
The E. polyphekadion is known to particularly susceptible to
overfishing6. It was listed in the IUCN red list of threatened
species 2006: e.T61339A12 46442 ver 3.1 (http://dx.doi.org/
10.2305/IUCN.UK.2006.RLTS.T61339A12464342.en.
Downloaded on 18 June, 2016).
Farming of the camouflage grouper is one of the best
options to meet market demand as well as conservation
approaches but the sustainability of production is largely
dependent on seed production from hatcheries. Problems are
arising in grouper hatchery operations, particularly during the
larval rearing period. Low survival rates (0.14%) of larvae were
observed until 32 Days After Hatching (DAH)10, survival rates
of 1.7% were reported until 50 DAH11 and 0.26% until 20 DAH12
and 5.67  until  35  DAH13. In  the  early  life  development
stages of larvae, mass mortality was observed due to the
changes  from  endogenous  to  exogenous  feeding,  the
transformation  from  larva  to  juvenile  pelagic  and
transformation  of  the  pelagic  juvenile  into  the  benthic
juvenile14. This transformation causes morphological changes
and morfometric on grouper larvae such as spines of the
dorsal fins and anal fins are longer than the pelvic fins1,14-17,11,12.
The morphological and morfometric changes in a vulnerable
phase of death in grouper larvae as in  E.  fuscoguttatus2,11,18-21
E.  coioides14,  P.  leopardus16,22,  E.  akara17,23,  E.  tauvina18,24,25,
P.  maculatus26,  E.  suillus27,28,  E.  malabaricus29,  Cromilaptes
altivelis30,31,    E.    marginatus32-35,    E.    costae36,    E.    striatus37,
E.    fasciatus38,    E.   ampbycephalus39,    E.    bruneus40    and 
E.  merra41.
Several attempts to increase the survival rates during
larval rearing of groupers have been undertaken12,13,25,27,28,21,31.
One  approach  that  needs  to  be  taken  to  reduce the
mortality rates of larvae is understanding the quantitative
morphometric changes that occur during the larval stage42,43.
Understanding the morphological and morphometric changes
of the grouper larvae is urgently required to improve the
optimization of survival larvae42,44-48. However, very limited
information is available regarding the morphometric
characters and allometric growth of E. polyphekadion  larvae.
Therefore, this study aimed to determine the pattern of
growth of the camouflage grouper reared until 35 DAH. The
information obtained is essential to develop the appropriate
method of larval rearing of E. polyphekadion. 
MATERIALS AND METHODS
Epinephelus  polyphekadion  larvae were taken from the
results of the parent grouper spawning, maintained in a
circular concrete tank with the volume of 30 t equipped with
the flow-through systems in the Research Institute for
Mariculture Gondol, Bali province, Indonesia. Female parent
body weight was 0.5-1.8 kg with a total length of 32-43 cm,
while  the  male  parent  body  weight  was 9-2.5 kg  with  a
total   length   of   44-51  cm.  The   stocking   density   of   the
E. polyphekadion   in  the  rearing  tanks  was  20  fish  with  a
male:female ratio of 1:3. The grouper was fed lemuru
(Sardinella longiceps), squid and pellet adlibitum with a
frequency of twice daily.
The fertilized eggs from the natural spawning were
collected in hapa (mesh size: 400 µ) then transferred to a
polycarbonate bath with the volume of 100 L to select a
fertilized egg. The eggs were stocked in a concrete tank with
the  volume  of  6  t  (L×W×H:3×2.1×1.5  m)  and  filled  with
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sea water as much as 4.5 t. The larval rearing pond were
equipped with an aeration system and the vessel was closed
with plastic and equipped with a 100 W fluorescent bulbs.
Larvae            fed            10      individual       mLG1       rotifers,
5-10 individual  mLG1  copepods,  10-20 individual mLG1
Artemia  sp. and 10-20 individual mLG1 mysid. The feeding
schedule is shown in Fig. 1. Water exchange management was
as follows: At age 0-10 days after hatching, no water
exchange, at 10-15 days after hatching, 10-20% water
exchange and at 20-35 days after hatching, 50% water
exchange.
The morphological observation and body measurements
were conducted on  10  fish  samples  taken  randomly  from
1, 3, 5, 10, 15, 20, 25, 30 and 35 Days After Hatching (DAH). The
samples were anesthetized with MS 222. The lengths were
measured using a dissection microscope with a micrometer
eyepiece. Anaesthetized specimens were photographed from
their left side using a stereoscopic microscope. Relative
growth on each body part was examined by expressing it as
a percentage to SL. Allometric growth was calculated as a
power function of total length using non-transformed data49:
W = a TLb
where, W  was body weight  (independent  variable), TL  was
the  total  length  (dependent variable),  a  the  intercept  and
b the  growth  coefficient.  When  isometric  growth  occurred,
b = 1 for length and b = 3 for volume when compared with
total length. Allometric growth was  positive  when  b>1  value
Fig. 1: Feeding schedule for E. polyphekadion  larvae
and negative when b<1 value. Growth patterns of larvae were
calculated by linear regression analysis to assess the strength
of association.
RESULTS
Epinephelus polyphekadion developmental stages that
ranged from the yolk sac, pre-flexion, flexion, post-flexion,
transforming, pelagic-juvenile and demersal-juveniles are
shown in Fig. 2. 
The morphometric development of E. polyphekadion
larvae  showed  (Table 1).  In  the  initial  larvae  stage namely:
1-15 DAH were slowed growth and the growth rapidly
increased  was  observed  after  the  age  of  15 DAH  (Fig. 2,
Table 1). 
Stage yolk sac showed a newly hatched larvae was
transparent,  the  mouth  was  still  closed,  dorsal  fin  and tail
fin  were  still  fused  with  the  anal  fin  and   the   eyes  were
not  pigmented.  Visible  digestive  track  and  anus were
closed. The total length of a newly hatched larvae was
1.79±0.05 mm with  a  standard  length  of  1.68±0.04  mm.
The larvae took food  from  the  outside  before  the  expiry  of 
the  yolk  after 50-52 h after hatching. Melanophore (myomer)
concentrated around the stomach at 3 DAH.  Yolk  sac  was 
absorbed  in  the 74 h after hatching. The presence of food in
the gut.
Pre-flexion stage showed an 5 DAH has a total length of
2.72±0.04 mm  and  a  standard  length  of  2.52±0.02 mm
(Fig. 2, Table 1), second dorsal fin spines and pectoral fin
spines firstly started to grow, lipid droplet completely
resorbed, melanophore had spread to  the  ventral  tail. After
the 12th day on the size of the total length was 3.92±0.24 mm
and a standard length was 3.63±0.22 mm (stage flexion) at
the time of the dorsal fin and the anal fins began to form and
were separated between the dorsal fin, caudal and anal fins. 
Post-flexion stage formed after the age of 15 DAH marked
posterior part of caudal-fin truncated, the formation of
pectoral-fin rays, the total length of 7.04±0.43 mm and a
standard length of 6.48±0.49 mm. The larvae became pelagic
juvenile stage at the total length of 15.09±1.96 mm,  standard
Table 1: Morfometric development of early developmental of E. polyphekadion 
Age (days) Total length (mm) Standard length (mm) Body depth (mm) Head length (mm) Mouth width (mm) Eye diameter (mm)
1 1.79±0.05 1.68±0.04 0.54±0.04 0.62±0.05 - -
5 2.72±0.04 2.52±0.02 0.69±0.04 0.62±0.06 0.32±0.04 0.27±0.02
10 3.92±0.16 3.67±0.16 0.97±0.04 1.90±0.04 0.80±0.06 0.40±0.03
15 7.04±0.43 6.48±0.49 2.10±0.19 2.20±0.21 1.13±0.14 0.66±0.09
20 11.54±1.96 9.57±1.45 3.21±0.36 3.31±0.57 3.71±0.42 1.17±0.16
25 15.09±1.96 12.11±1.53 3.86±0.57 4.46±0.43 3.60±0.46 1.46±0.19
30 23.83±1.15 18.94±0.85 6.40±0.70 7.40±0.70 5.74±0.47 1.94±0.08
35 27.94±3.94 23.23±3.51 7.06±0.90 7.06±0.80 6.42±0.56 2.26±0.23
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length of 12.11±1.53 mm, body depth of  0.57±3.86 mm  and
the head length of 4.46±0.43 mm at 25 DAH. At that time, the
larvae began active swimming. After completion of fin
structures, at a total length of 23.83±1.15 mm, standard
length of 18.94±0.85 mm, body depth of 6.40±0.70 mm and
the head length of 7.40±0.70 mm.
The juvenile stage occurred when the external melanistic
pigmentation is already observable, the squamation extends
anteriorly. After a total length of 27.94±3.94 mm and standard
length of 23.23±3.51 mm, body depth of 7.06±0.90 mm and
the head length of 7.06±0.80 mm were entering the demersal
juvenile stage (Fig. 2, Table 1).
The morphometric growth pattern of E. polyphecadion
larvae   aged   1-35  days   after   hatching   is   divided   into
two stages:  Before  the  flexion  stage  (age 1-14 DAH)  and
after  the  flexion  stage  (age  15-35  DAH)  (Table 2).  The
difference in the morphometric growth patterns was observed
(p<0.05), in which the morphometric growth pattern at the
age 1-14 DAH was slower, while the age of 15-35 DAH was
faster.
The relationship between total length and weight gain of
larvae at age 1-15 DAH is negative allometry with the equation
of  W = 0.023 TL2.149  (r2 = 0.810,  n = 35).   After   the   age   of
15  DAH,  the  relationship  is  isometry  with  the  equation  of
W = 0.008 TL2.969 (r2 = 0.910, n = 75), while the relationship
between total length and weight gain of larvae at the age of
1-35 after hatching is a positive allometry with the equation of
W = 0.006 L3.023 (r2 = 0.980) (Fig. 3).
The relationship between the total length of the head
length, height, the diameter of the eye and wide mouth
opening is shown in Fig. 4a-d. The positive allometric growth
pattern between the length of the head with a total length,
with equation of Y = 0.273x1.027, r² = 0.991, n = 35. The positive
allometric growth pattern between height with a total length,
with equation of Y = 0.213x1.070, r² = 0.991, n = 35. The positive
allometric growth pattern between the diameter of the eye
and total length with the equation of Y = 0.107x0.925, r² = 0.991,
n = 35. The  positive  allometric  growth  pattern  between
wide  mouth  opening  with  a  total  length,  with  equation  of
Y = 0.078x1.381, r² = 0.980, n = 35.
Table 2: Growth pattern of E. polyphekadion  larvae before and after flexion stage
Pattern growth
-------------------------------------------------------------------------------------------------------------------------------------------------------------
Body length Age 1-14 days Age 15-35 days Age 1-35 days
Total Length (TL) Y = 2.451e0.0475X Y = 8.9226e0.0612X Y = 2.0984e0.0777X
r2 = 0.8941 r2 = 0.956  r2 = 0.9719
Standart Length (ST) Y = 2.3223e0.0469X Y = 7.3131e0.0602X Y = 2.0319e0.01712X
r2 = 0.8851 r2 = 0.9563 r2 = 0.9771
Head Length (HL) Y = 0.645e0.0732X Y = 2.5209e0.0642X Y = 0.6539e0.0818X
r2 = 0.8209 r2 = 0.9417 r2 = 0.9698
Body Depth (BD) Y = 0. 168e0.0729X Y = 2.4475e0.0557X Y = 0.5343e0.0847X
r2 = 0.9266 r2 = 0.9373 r2 = 0.9565
Wide mouth opening (MW) Y = 0.2016e0.1163X Y = 1.6914e0.072X Y = 0.2335e0.1089X 
r2 = 0.8614 r2 = 0.9335 r2 = 0.957
Dorsal Fin Spines (DFS) Y= 0.129e0.304X Y = 3.8699e0.0050X Y = 0.5426e0.0952X
r2 = 0.8289 r2 =0.4014 r2 = 0.6222
Pelvic Fin Spines (PFS) Y = 0.2301e0.1997X Y = 2.8704e0.6824X Y = 0.5744e0.0812X
r2 = 0.7526 r2 = 0.6824 r2 = 0.6916
Fig. 2: Pattern of the early development of E. polyphekadion
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Fig. 3: Length-weight relationship of E. polyphekadion
Fig. 4(a-d): Allometric growth and relationships between (a) Head length, (b) Body head, (c) Eye diameter and (d) Wide mounth
opening with total length of E. polyphekadion
Relative growth pattern in total length, head length,
height, wide mouth opening occurs rapidly after reaching the
standard length of 6 mm and becomes constant after reaching
12 mm standard length. Growth relative of the dorsal fin
spines and chest (Fig. 5e, f) increased quickly on the standard
length of 4 mm and the growth become constant after
reaching the standard length of 14-16 mm. A similar trend also
observed on the larvae at the age of 15 DAH at the standard
length of 6 mm after post-flexion stage.
DISCUSSION
One decisive handling in the grouper seed production is
creating a larval rearing technique which  appropriates  to  the
biological, physiological and ecological requirement of the
fish. One important issue that needs to be comprehensively
understood is the process of larval development.
Development of E.  polyphecadion  larvae were more intense
of  morphogenesis  and  differentiation,  that  were reflected
in  morphological  and  morphometric  changes.  The
morphological    developments     in      the      life      cycle     of
E. polyphecadion  larvae can be divided into four primary
stages: embryonic, larval, juvenile and adult (Fig. 2). The larval
stage, the development stage of the life cycle after the
embryonic stage, in which the eggs hatch into larvae to
become juvenile. During the  development  of  fish  larvae  into
juvenile, morphological, physiological and ecological changes
occur23,24,34,37.  In  the  process  of   development   at   the   larval
16
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stages of fish is very intense43. During the process of
organogenesis, the fish larvae experiences changes in body
shape and behavior to become juvenile45,44,47.
Differentiation  larvae  to  become  adult  fish  is
characterized by the completion of the meristic characteristics
such as fins fingers are already perfect, the skeleton are
developed, the body shape resembles the shape of adult
fish41,42. Larvae stage shows the change in the second dorsal
and pelvic spine have peaked. The function of the fin spines
determines the position of swimming in the water column38.
Grouper larvae are transformed into a juvenile pelagic
later became juvenile benthic16,22. During the juvenile stage,
lengths of the second dorsal and pelvic spines became
relatively  shorter  to  the  body  length,  posterior  part  of
caudal-fin truncated and the formation of pectoral-fin rays24,34.
This also occurred  on  the  larvae  of E.  polyphekadion   after 
25  DAH. At  that  time  in  which  the  larvae  has  become 
cannibal and the larvae began active swimming. This
characters of morphological were caused abrupt changes in
growth patterns seemed to be linked with change in
respiration, feeding, swimming ability50,47, behavioral51, fins
and skeletal structure34.  Likewise,  this  was  also  observed  on
E. akaara17, E. tauvina24, E. fasciatus38 and E. marginatus34. 
In the initial phase of larval "aged l to 15 DAH' growth was
slow (Fig. 2), it is because the energy obtained from food was
used for the improvement of organs (organogenesis), such as
the formation of pigment, fin spines back and chest, the
flexion, the formation of the digestive organs and tooth
formation. Sazaki et al.41 suggests that the pattern of growth
tends to slow because all the larvae in the early stages of fish
larvae are only intended only to supplement his organs.
Furthermore, Kohno et al.47 reported that energy at the
beginning of the larvae used for basic metabolism and
organogenesis. Kohno et al.14 explains that organogenesis of
E. coioides  larvae  take  a  long  time. This was also observed
in  E.  polyphekadion  larvae. After the age of l5 DAH, the
growth rapidly increased (Fig. 2), it is because morphogenesis
was increased with the completion of fins formation, the
differentiation of the digestive organs, notochord after flexion,
all of these contributed to the growth of the larvae.
Additionally, this is also due to dietary factors, increased
the ability of larvae  to  take  food,  complete  formation  of  the
digestive organs and increased activity of the protease
enzyme. Huet48  explains that the growth only occurs when
the  amount of food consumed is greater than that required
for the maintenance of  the  body function. Furthermore,
Kamler52,53 and Jobling54 states that in the period of larval
morphometric growth leads to synergistic functions such as
body length, diameter growth eyes, wide mouth opening. The
growth aimed to support the active movement to predation41.
Furthermore, Blaxter55 explains that fish growth occurs when
there is excess energy from food for maintenance, movement
and the formation of organs.
The growth pattern of length, head length, height,
weight, mouth opening of E. polyphekadion  larvae increased
with increasing age (Table 1). Development of fish is a
function of both age and length50,56. The  growth  pattern  of
E. polyphekadion  larvae can be seen in Table 2. The difference
in the morphometric growth patterns was observed (p<0.05)
where the growth pattern before the flexion phase of slow,
while growth pattern after the flexion phase faster. The
growth  pattern  early  life  stage  of  larvae  closely  as  the
feeding, active swimming, sensorial and respiration system
developed50. Similar growth pattern was also observed on the
larvae E. tauvina25, E. suillus28 and P. leopardus22.
Larvae of E. polyphekadion have positive allometric
growth patterns between the head length, height, diameter
eye and mouth opening wide with a total length (Fig. 4). The
growth of the fish larvae tends to be positive allometric44,
because the process of organogenesis that occur at the larval
stage relate to the functions of taking food and respiration.
This indication were given allometric changes47,57. The process
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of organogenesis in E. coioides larva takes a long time21.
Similar things occurred at E. polyphekadion  larvae until the
age of 15 DHA, when a total length reached 7.04±0.43 mm.
The   positive   allometric   growth   part  of the head  showed 
that the increased ability of larvae to capture feed47, followed 
the   positive   allometric   growth  of  the  mouth  that  is
capable  of  taking  a  larger  feed.  Larvae  of E.  polyphekadion
at 15 DAH  were  able to eat the several types of feed such as
rotifers, copepods and Artemia4. During early allometric
growth is mainly associated with muscle and bone
characteristics56.
The relationship between total length and weight gain of
larvae at age 1-15 DAH is negative allometry with  the
equation of W = 0.023 TL2.149 (r2 = 0.810, n = 35). After the age
of 15 DAH, the relationship is isometry with the  equation  of
W = 0.008 TL2.969 (r2 = 0.910, n = 75), while the relationship
between total length and weight gain of larvae at the age of
1-35 DAH is a positive allometry with the  equation of W =
0.006 L3.023  (r2 = 0.980) (Fig. 3). Thus significant weight gain
and length growth were obtained. These results are similar to
observations conducted on larvae Siberian  stuargon42, 
Thunus  thynnus58,  Diplodus  puntazzo46 and Chelon
labrosus57.
The relative growth pattern relative between total length,
head length, height body, wide mouth opening, the length of
dorsal fin spines and pectoral fin spines and the standard
length (Fig. 5) showed that at the standard length of 4-6 mm,
growth changes has fixed at the age of 15 DAH. At the
standard length of 6 mm, transformation from preflexion to
flexion had occurred, while postflexion occurred at the
standard length of 11.71 mm. This indicates that after the
standard length of 4-6 mm there is a pattern of slow growth
and after reaching 11.71 mm standard length there is a
pattern of rapid growth. A similar trend was also observed on
P. leopardus,  flexion stage occurred at the standard length of
6.91 mm16. While  on  E.  fuscoguttatus,  flexion  occurred  at
the standard length of 6.31 mm19 and E. marginatus  at the
standard length of 6.6±0.2 mm34. 
CONCLUSION
Newly   hatched   of   E.  polyphekadion   larvae   have total 
length   of   1.79±0.05 mm  and  standard  length  of 1.68
mm±0:04. The larvae roommates take food from the outside
before the expiry of the yolk after 50-52 h after hatching. 
Morphometric growth pattern at the  age  of  1-14  DAH
was slower before flexion, while the age of 15-35 DAH was
faster after flexion. Transformed into a juvenile after reaching
total length of 27.94±3.94 mm and standard length of
23.23±3.51 mm. 
Larvae of E.  polyphekadion  have positive allometric
growth patterns. Relative growth is already fixed in total
length, head length, height openings mouth, long dorsal fin
spines and long pectoral fin spines on the length of the
standard 4-6 mm.
Changes of the stage pre-flexion  to flexion occurred
when the fish was at the standard length of 6.91 mm. The
post-flexion occurred at the standard length of 11.71 mm. This
suggests were occurred faster growth.
This study was provided an E. polyphekadion larval
growth pattern that includes morphological development of
early life stage, modification of morphometric, allometric
growth and relative growth. By knowing the pattern of growth
in the early development of the E.  polyphekadion,  then used
to optimize the rearing of larvae in order to improve the
survival and growth.
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